Abstract: HLA alleles have been determined in individuals from the Republic of Macedonia by DNA typing and sequencing. HLA-A, -B, -DR, -DQ allele frequencies and extended haplotypes have been for the first time determined and the results compared to those of other Mediterraneans, par-
dotus wrote that ''Macedonians'' were ''Dorians'' and were never admitted to the Greek community (4). They did not speak Greek but another language presently unknown and of which only proper names remain; nowadays, they speak a Slavic language (5) Turks: 87,000; 4) Serbs: 44,000; and 5) others: 40,000. The northernmost region of Greece is also known as Macedonia and this is why Greece has opposed the independence of the country while it bears the same name (7) .
Furthermore, we have found that the Greeks did not cluster together with other Mediterranean populations, including both western (Iberians, Algerians, Berbers) and eastern (Cretans, Jews, Lebanese, Egyptian, Turks-Anatolians) .
The aim of the present work is to determine the relative contri- 
Material and methods

Population samples
Samples from one hundred and seventy-two unrelated Macedonians in Skopje (Institute of Blood Transfusion, Tissue Typing Laboratory), the Republic of Macedonia capital, were used for HLA genotyping and phylogenetic calculations. All were Macedonian language speakers and their ancestors did not belong to a country minority group (detailed above). The origin of all other populations used for comparisons is given in and its level of significance (P ) for 2¿2 comparisons were determined using the formulae of Mattiuz and co-workers (14) and the 11th International Histocompatibility Workshop methodology (13).
In addition, the most frequent complete haplotypes were deduced following a methodology used in the 11th International Histocompatibility Workshop: 1) the 2, 3, and 4 HLA loci haplotype frequencies (2, 15, 16); 2) the haplotypes previously described in other populations (2, 16); and 3) haplotypes which were assigned if they appeared in two or more individuals and the alternative haplotype was well defined. In order to compare allelic and haplotype HLA frequencies with other populations, the reference tables used were those of the 11th and 12th International HLA Workshops (2, 16; see also Table 1 ). Phylogenetic trees (dendrograms) were constructed with the allelic frequencies by applying the Neighbor-Joining (NJ) method (17) 
Results
Characteristic HLA allele frequencies of the Macedonian population compared to other Mediterraneans
The expected and observed allele frequencies for HLA-A, -B, -DRB1
and -DQB1 loci do not significantly differ and the population sample is in Hardy-Weinberg equilibrium. Table 2 Genetic distances between populations (DA) between Macedonians and other populations (¿10 2 ) obtained by using HLA-DRB1 allele frequencies (see Table 1 Table 3 With regard to the HLA class II alleles, thirty-one different DRB1
alleles were found and only six had frequencies higher than 5%; DQ allele frequencies reflect the DRB1 locus allele distribution due to the strong linkage disequilibrium between these two loci.
Two types of analyses were carried out to compare Macedonian HLA frequencies with other Mediterranean population frequencies : 1) with DRB1 data, which is probably a more informative and discriminating methodology; and 2) with generic (low-resolution) DR-DQ data. These two types of analysis were both performed because some of the populations used for comparison lacked HLA-A and -B data [Berbers (from Souss, Agadir area, Morocco), Jews (Ashkenazi), Jews (Morocco), Jews (non-Ashkenazi), Lebanese (NS and KZ), see Table 1 ], or high resolution HLA-DQ data [(Greeks (Attica), Greeks (Cyprus), Greeks (Attica-Aegean), see Table 1 ]], or only generic HLA-DR and Data from other populations were from references detailed in Table 1 . Bootstrap values from 1000 replicates are shown.
-DQ data were available [Portuguese, Turks, Iranians, Armenians and Egyptians, see Table 1 ]. These partially HLA-typed populations should have been ignored, but they could be analyzed conjointly taking into account only either DRB1 or generic DR and DQ frequencies tions and the third one includes Greek and sub-Saharan populations. This distribution is also confirmed in the correspondence analysis ( Fig. 2) : the three groups are clearly delimited and a west to east Mediterranean gradient is shown. The Macedonian population shows the closest genetic distance with Cretans (Table 3 ) and no discontinuity is observed with eastern and western Mediterraneans reflecting the genetic similarity among these populations. It is evidenced that Cretans-Greeks distance is high. These results are confirmed using DR and DQ generic typings (see Fig. 3 Table 5 ean populations as previously described (10, 22) and cluster together with the sub-Saharan populations.
HLA-A, -B, -DRB1, and -DQB1 linkage disequilibria in Macedonians
Extended HLA haplotypes were determined in Macedonians and compared with those previously reported in other populations (Table 4) lations. Our own data, the 11th and 12th International Histocompatibility Workshops reference panels (2, 16, 23) and other previously described data were used (see Table 1 ). Table 5 shows the presence of these Greek alleles mainly in sub-Saharan populations from Ethiopia (Amhara, Oromo), Sudan (Nuba) and West Africa (Rimaibe, Fulani, Mossi). Some of these alleles are sporadically present in other populations without any relationships among them (see footnote to Table 5 ). It may be deduced from these data that sub-Saharans and Greeks share quasi-specific HLA-DRB1 alleles. The neighbor-joining tree ( Fig. 1) Two different types of problem regarding the obtained data are discarded: 1) mistakes in the HLA typings and 2) mistakes in the assignation of these specific alleles (DRB1*0417, *1112, etc, see Table 5 ). These problems are not likely to exist in the present work Genetic distances (DA) between the different groups of Greeks and other populations (¿10 2 ) obtained by using HLA-DRB1 allele frequencies (see Table 1 ignoring all the other Mediterranean cultures present in the area long before the classical Greek one (25).
Greeks are genetically related to sub-Saharans
Much to our surprise, the reason why Greeks did not show a close relatedness with all the other Mediterraneans analyzed (Tables 5, 6 and Figs 1-3) was their genetic relationship with sub-Saharan ethnic groups now residing in Ethiopia, Sudan and West Africa (Burkina-Fasso). Although some Greek DRB1 alleles are not completely specific of the Greek/sub-Saharan sharing, the list of alleles (Table   5) is self-explanatory. The conclusion is that part of the Greek genetic pool may be sub-Saharan and that the admixture has occurred at an uncertain but ancient time.
The origin of the West African Black ethnic groups (Fulani, Mos- Crete is unclear but may be related to the influential and strong
Minoan empire which hindered foreigners establishment (10) . Also, the time when admixture occurred could be after the overthrown of some of the Negroid Egyptian dynasties (Nubian or from other periods) or after undetermined natural catastrophes (i.e.: dryness).
Indeed, ancient Greeks believed that their religion and culture came from Egypt (4, 25).
